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INTRODUCTION 
It is a well known fact that water, when sub~ected to 
ionizing radiation such as x-ray or gamma radiation, under- 
goes a decomposition. The generally accepted decomposition, 
although complex, may be represented by (1): 
It is also accepted that "when dilate solutions are 
irradiated, practically all the energy absorbed is deposited 
in water molecules and the observed chemical changes are 
brought about indirectly via the molecular and, particularly, 
the r~dical products. Direct action due to energy deposited 
in the solute is generally unimportant in dilute solutions 
(i.e at solute concentration below about O.lM)11 (3)~ 
Realizing that iodine is an excellent radical scavenger 
(3), and can undergo several reactions with primary and 
secondary products, it is not unreasonable to expect some 
change in the iodine concentration of a saturated aqueous 
i~rtine solution upon exposure to ionizing radiation. 
r· + oH·-_.,..)' HOI 
The problem Lnve s t Lgatied , was the effect of Co - 60 gamma 
radiation on saturated aqueous solutions of iodine. 
-2- 
REAGENTS AND K~UIPMENT 
I. Iodine: The iodine used was of reagent grade. In order 
to remove any remaining impurities, a sublimation procedure 
was used as described in Kohltoff & Belcher (4) with the 
exception that more readily available glassware was used as 
shown in Figure I. 
Figure I 
Purification of Iodine 
Cold Water~~~~ 
bl----- Iodine, Calcium 
Carbonate, 
Potassium Iodide 
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II. Water: To avoid the possibility of interference due 
to the contamination of the water, all iodine solutions 
were prepared with de-ionized water. Distilled water was 
passed through resin co1umns which remove cations, anions, 
and all organic impurities. To insure that there was no 
contamination upon standing, this procedure was followed in 
prepairing each iodine solution. 
III. Various Solutions: Iodine solutiops were standardized 
with either arsenic trioxide or sodium thiosulphate. Primary 
standard grade arsenic trioxide, was used according to 
Kohltoff and Belcher (5). Sodium thiosulphate solutions 
were prepared and standardized with potassium iodate using 
a starch indicator (6), (7), (8). 
IV. Ampul~s: To insure identical conditions for each 
irradiation, ampules were fashioned from 14mm pyrex glass 
tubing as shown in Figure II. 
Figure II 
Preparation of Ampules 
1. 4. 5. 2. 
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Before filling with iodine solutions, each ampule was 
thoroughly washed, rinsed with de-ionized water, and dried 
in an oven. Ampules were then filled with lOcc of the 
saturated iodine solutions using a hypodermic syringe. 
v. Gamma Source: Solutions were irradiated with gamma rays 
from a. Co - 60 source. The ampule containing the solution 
was placed in a tube made of aluminum and lowered to a 
uniform depth in the gamma source. Solutions were irradiated 
for different lengths of time.:. A cross section of the gamma 
source is shown in Figure III. 
Figure III. 
Cross-section of Cobalt 60 Source 
Ampule and 
Iodine solution A-i~~-r~---.,-~-?r----:c~obalt 60 
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EYJ)ERIMENTAL PROCEDURE 
I. Standardization of Iodine Using Arsenic Trioxide: The 
initial step in determining the effects of gamma radiation 
on saturated aqueous solutions of iodine, was to find and 
perfect a practical and reliable method of iodine deter- 
mination. The first method investigated, was one described 
by Custer and Natelson (9). Iodine was purified and an 
iodine solution was prepared in a 5% potassium iodide 
solution. The iodine solution was standardized with arsenic 
trioxide (see Table I). The equation for the reaction is: 
H3Aso3 + I2 + H2o--->HAs0~ + 4H + 2I- 
Table I 
Standardization of Iodine with As2o3 
Solution I II III 
Total weight As2o3 0.24llg 0.3415g 0.2475g 
ml. of I2 soln. 41..60 ml 6'7.45 ml 44.61 ml 
Normality of r2 0.1160 0.1024 0.1120 
Average Normality= 0.1101 ~ 46 ppt 
II. Photometric Determination of Iodine: Using the standardized 
iodine solution, a standard curve using a Beckman DU 
Spectrophotometer by measuring an I? absorbtio.n at 352 mu. 
This particular method was practical for two reasons. 
First of all 13 in solution is stable, neither subliming 
directly from solution as does elemental iodine, nor being 
oxidized by air as in the case of r-. Se~ondly, iodine in 
-6- 
~ 5% potassium iodide solvent has a high extinction 
coefficient making it possible to read iodine concentrations 
in the range of 10-6M. 
The optical densityrof several solutions in the con- 
centration range 2.75 = l0-6M to 2.75 x l0-5M, and a standard- 
ization curve prepared (see Table II and Figure IV). 
Table II 
Standard Curve for the Beckman DU Spectrophotometer 
(x_~o5 M-1) Optical Density Solution Iodine Cone. 
1 2.750 
2 2.200 
3 1.650 
4 1.375 
5 0.825 
6 0.275 
0.687 
0.532 
0.396 
0,332 
0.191 
0.073 
III. Irradiation of Solu·tions: A fresh saturated aqueous 
iodine solution was then prepared. The solution was then 
deaerated and ampules filled under a nitrogen atmosphere in 
a glove bag. This was done to prevent radical scavengering 
by oxygen, i.e. 
H• + o2 Ho2• 
One solution was irradiated for 15 minutes. It was 
noted that the concentration of the irradiated solution had 
increased relative to the unirradiated solution rather 
than decreased, which is what had been expected (see Table 
III). 
62 
0.7 
. ·- 
O./ 
uarcs to the Inch 0. ~ o.l../ O,(O o.9 1.0 1.l. 
/.'( '·"' 
:Zod)ne. 
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Table III 
Irradiation of Iodine Solutions 
,Solution Optical Dens:ity 
irradiated (15 min) 
unirradiated 
0.682 
0.616 
1.420 
1.280 
This increase in iodine concentration may be explained 
if one realizes that when water is irradiated with ionizing 
radiation one of the primary products formed is hydrogen 
peroxide. Introducing iodide ions into solution, by diluting 
the irradiated solution with the 5% potassium iodide solvent 
' ca~ses an oxidation - reduction reaction to occur between 
the hydrogen peroxide and the iodide ions of the solvent 
forming elemental iodine: 
This reaction accounts quite well for the increase in iodine 
concentration noted in the irradiated solution. 
IV. Choice of Another Method of Iodine Concentration: Because 
of this increase in iodine concentration it became very 
difficult to determine the actual effect of the ionizing 
radiation on the saturated solution and a new procedure was 
needed. 
Another photometric method was tried. The 5% potassium 
iodide solution used in the previous method, was replaced as 
the solvent by a 95% ethanol solution. Several solutions 
were used to determine the absorbtion at ve.rying wavelengths 
and a maxium absorbtion for the elemental iodine - 95% 
ethanol solution determined (see Table IV and Figure V). 
o.s 
]~D JSO 
'1Jo..v e I en 'j ~t ... -- 
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Table IV 
Determ~nation of Wavelength for Iodine in 95% Ethanol 
Wavelength (in mu) Optical Density 
320 0.341 
325 0.326 
330 0.362 
335 0.421 
340 0.496 
345 0.580 
350 0.649 
355 0.689 
360 0.698 
365 0.661 
370 0.610 
375 0.552 
380 0.472 
385 0.400 
390 0.324 
395 0.264 
V. Restandardization of I0dine Solutions:· The change in 
photometric procedure made it necessary to restandardize an 
iodine solution and prepare a standard curve. In so doing, 
several problems were encountered such as being unable to 
reproduce the results and poor correlation of the con- 
centration of saturated iodine solution with the literature 
value (10). 
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Solution~ were standardized with sodium thiosulphate 
since this was the only practical method of titrating 
10-3M iodine. 
In order to correct-the reproduceability of the measure- 
ments, thiosulphate was titrated with iodine. Still, the 
values for iodine concentration obtained were much greater 
than those given in the literature (l.181x10-3M) (10). 
It was found that in preparing a saturated iodine solution ' 
a fine suspension of iodine had resulted. When filtered 
once, the iodine concentration decreased substantially 
(1.7 x 10-3M to 1.2 x ~o-3M). After filtering several 
times, the concentration of iodine was well within the 
range of the literature value (1.08 x 10-31\II). This 
standardizati0n is given in Table V. Using this solution, 
a new standardization curve was prepared by reading an r2 
absorbtion at 358 mu. In preparing this, standardization 
curve, it was noted that in the low concentration (low 
absorbtion) range, the curve did not follow Beer's Law. 
It was necessary, therefore, to measure the optical density 
of several solutions in this region (see Table V! and 
Figure VI). 
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Table V 
Standardization-of I2 with Sodium Thiosulphate 
Solution I II III 
25.00 
25.51 
1.108 x 10-3 
1.0858 x 10-3 
ml Thiosulphate 25.00 25.00 
ml. Iodine soln 25.48 25.50 
Molarity Thiosulphate 1.108 x 10-3 1.108 x 10-3 
Molarity Iodine soln. 1.0871x10-3 . l . 0862 x 10- 3 
Averag~ r2 Molarity= 1.0863 + 0.5 ppt 
Table VI 
Preparation of Standard Curve for the 
Beckman DU. Spectrophotometer 
ml. of Iodine soln I Cone. (x~_o_5_M_-_1~) __ ..,....._op~t_i_·c_a_l~D~e~n~s~i~ty:.-:.-.... 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
o.8 - 
0.9 
1.0 
1.2 
1.4 
1.6 
1.8 
0.4-345 
0.8690 
1.304 
1.738 
2.173 
2.607 
3.002 
3.476 
3.910 
4.345 
5.214 
6.083 
6.952 
7.821 
0.015 
0.070 
0.075 
0.111 
0.120 
0.159 
0.230 
0.278 
0.323 
0.367 
0.438 
0.474 
0.621 
0.702 
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Table VI (cont'd) 
ml I2 used I2 Cone. (x105Tuc1) Optical Density 
2.0 8.690 0.794 
2.2 9.559 0.890 
2.4 10.428 0.980 
2.5 10.863 1.130 
VI. Irradiation of Iodine Solutions: Solutions were 
irradiated for 10, 20, and 30 minute iXltervals. When the 
iodine concentration was determined and compared to that 
of an unirradiated solution, the concentration was shown 
to decrease as was expected (see Table VII). When the 
optical density of each solution was rechecked at a later 
time, it was found that the values had increased. 
Table VII 
Sample Irradiation Time Cptical Dens. * 
Iodine Cone. (xl03M-l) 
1. unirradiated 0.586 
1.0916 
2. 10 min 0.579 
1.0773 
3. 20 min 0.534 0.9975 
4. 30 min o.670 
0.9250 
Irradiation of Iodine Solutions 
* Dilutions were made in ·the 
following manner 
1. 1.5 ml to 25.00 ml 
2. 1.6 ml to 2~.00 ml 
3. 1.6 ml to 25.00 ml 
4. 2.0 ml to 25.00 ml 
With this in mind, samples were irradiated for 10,20,30,40 
and 60 minute intervals and concentration measurements were 
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each made exactly 10 minutes after removal from the Co - 60 
source. The iodine concentrations were again shown to 
decreas:e as were expected but showed a very poor correlation 
to one another (see Table VIII and Figure VII). 
Table VIII 
Irradiation of Iodine Solutions 
Sam le Irradiation Time Optical Density Iodine Cone. Cx103M-l) 
1. 10 min 0.683 1.0417 
2. 20 min 0.631 0.9722 
3. 30 min 0.671 1.0278 
4. 40 min 0.591 0.9139 
5. 60 min 0.613 0.9444 
It was still noted that the iodine concentration of each 
solution increased over a period of time. This, and the 
poor correlation with irradiation duration necessitated a 
study of the stability of the iodine solutions with regard 
to time. 
VII. Study of the Stability of Iodine Solutions in 95% 
Ethanol: Five solutions of equal iodine concentration were 
prepared and diluted with 95% ethanol. Three were kept 
stoppered and two unstopperea. The iodine concentration of 
each solution was then determined at time intervals of 10, 
15,30,60,90,150, and 180 minutes, and graphed (see Table IX 
and Figures VIII - X). A general increase may be noted for 
each solution as a function of time with a decrease in the 
rate of increase w~th time toward the concentration of the 
saturated solution. 
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Table IX 
Stability of Iodine in 95% Ethanol Solvent 
Solution Time (min) Optical Density Iodine Cone (x10511.c1) 
1. 0 0.554 6.200 
15 0.721 7.900 
30 0.783 8.500 
60 0.808 8.780 
90 0.828 s.970 
150 o.861 9.310 
180 o.879 9.490 
2. 0 0.524 
5.900 
15 0.698 7.690 
30 0.749 8.190 
60 0.792 8.600 
90 o.815 
8.840 
150 0.841 
9.110 
180 0.860 9.300 
3. 0 o.492 
5.590 
15 o.694 
7.640 
30 0.742 
8.100 
60 o.783 
8.530 
90 0.810 
8.800 
150 o.s25 
8.950 
180 o.839 
9.100 
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Table IX (cont'd) 
Solution Time (min) Optical~sity Iodine Cone.. (x105rv1-l) 
4. 0 0.559 6.270 
15 0.732 8.000 
30 0.758 8.280 
60 0.821 8.900 
90 0.828 s.970 
150 0.848 9.190 
180 o.847 9.180 
5. 0 0.530 5.980 
15 0.705 7.740 
30 0.752 8.200 
60 0.801 s.700 
90 Q.816 8.850 
150 0.835 9.040 
180 0.838 9.100 
-19- 
Solutions 1-3 represent stoppered solutions while 4 and 
5 were unstoppered. 
VIII. Further Irradiation of Iodine Solutions: Because 
of the length of time needed to prepare a dearated 
solution, this procedure was dropped. It was st LLl, not 
unreasonable to expect some change in iodine concentration 
upon irradiation. 
Iodine solutions were again irradiated for 10,20,30, 
40,50, and 60 minute intervals. To correct for the increase 
in iodine concentration noted in the previous irradiations, 
solutions after being irradiated were allowed to sit over- 
night before the iodine concentration was determined. When 
measured though, a general increase in the iodine concentration 
as a function of irradiation time was noted (see Table X and 
Figure XI) and the increase in iodine concentration with time 
during the measurement process was again noted. 
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Table X 
Irradiation of Iodine Solutions 
Soln. Irradiation Time Optical Density Iodine Cone. 
(x1031vC1) --- 
1 unirradiated 0.702 1.2188 
2 10 min 0.687 1.1797 
3 20 min 0.725 
1.2396 
4 .30 min 0.715 1.2219 
5 40 min 0.735 
1,2531 
6 50 min 0.720 1.2500 
7 60 min 0.742 
1.2656 
The following week, another irradiation procedure was 
run using the previous stock saturated iodine solution. 
Similar results were obtained (see Table XI and Figure XII) 
except that the iodine concentration of the stock solution 
had seemed to decrease in iodine concentration over the 
period of a week. 
Table XI 
Soln Irradiation Time Optical Density 
Iodine Cone. (x10.3rv1-l) 
1 unirradiated 0.392 
0.7156 
2 20 0.392 
0.7156 
3 30 0.390 
0.7109 
4 40 0.400 
0.7313 
5 60 
0.406 0.7375 
Irradiation of Iodine Solutions 
IX. Study of the Stability of the Stock Solution:. Because, 
the preparation of a stock solution of iodine in water is 
quite time consuming, it is desirable to have a large volume 
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of a stable solution. Therefore, a study of the stability 
of the iodine stock solution was undertaken. The iodine 
concentration of the solution was determined at different 
time intervals. In each case the concentration decreased 
linearally (see Table XII and Figure XIII). At about nine 
days, the rate decreases but the iodine concentration 
continues to decrease linerally through fifteen days. 
Table XII 
Stability of Stock Solution 
Day Iodine Cone. (xl03M-l) 
1 2.0584 
3 1.9807 
7 1.7661 
14 1.5252 
15 1.4736 
lturther Experiment,ation: 
Several problems have been left unsolved. ]'irst of all 
ancit most important, is to determine whether or not the stock 
iodine solution will ever equilibrate to a constant iodine 
concentration. The iodine concentration of the stock solution 
must be followed for a much ~reater period of time. 
Secondly, a more practical and less time consuming 
method for removing suspended iodine from the solution, must 
be adopted, or the problem corrected in another way. 
Thirdly, the increase of iodine concentration noted in 
figures XI and XII must be explained and corrected. 
As a possible solution to the first two problems, I~ 
might suggest that a quantitative method of determining the 
-27- 
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amount of hydrogen peroxide formed upon irradiation of the 
solution be used and the method described by Custer and 
Natelson be revaluated as to its practicality. Knowing 
how much hydrogen peroxide is formed, it would then be 
possible to determine the amount of iodine formed when 
the 5% potassium iodide solvent is added. 
As a final suggestion, plastic equipment might be used 
to decrease the possibility of any contaminants ~specially 
OH-) being introduced by the glass equipment used this 
year. 
-29- 
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